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PURPOSE 
It does seem true that there is a great need in 
Georgia and some other parts of our country for improving 
the diet of our people. It is the purpose of this study 
to determine certain nutritive values in certain so-called 
edible soybeans, with the hope of shedding further light 
on the feasibility of using such beans as human food. With 
this objective in view six varieties of edible soybeans, 
recommended by the United States Department of Agriculture 
as being suitable for this geographic location, were obtained 
from that department and were grown by Prof. C. A. Wells in 
Habersham County, Georgia. Since these beans were grown on 
the same type of soil and under the same conditions, compar-
isons as to their yield and composition could be made. 
These beans were analyzed for their protein, oil, 
calcium, iron, and phosphorus content; and these nutrients 
were evaluated in comparison with other common food subst-
ances. And it is pointed out that suitable soybeans and 
soybean products may become important constituents of low- 
cost diets. 
A 	OF THE FOOD VALUES OF SIX VARIETIES 
OF EDIBLE SOYBEANS 
With the widespread development in the use of soybeans 
in this country in recent years, the question as to the food 
value of this bean becomes one of great interest. In Oriental 
countries) especially China, Japan, and Manchuria, soybeans 
have been a chief constituent of the diet for centuries. How-
ever in this country the use of soybeans and soybean products 
in the human diet is relatively new. 
The soybean was introduced into the United States as 
early as 1804, but for decades it was regarded as a botanical 
curiosity rather than as a plant of economic importancel How-
ever since 1890 a great many of the United States experimental 
stations have experimented with soybeans, and much of the results 
have been published in the press and in scientific publications. 
With this increased interest in the soybean, there has likewise 
accompanied a rapid increase in the acreage of soybeans grown. 
Previous to 1917 considerable less than 500,000 acres were grown 
in this country. In 1924 there were more than 2,500,000 acres of 
soybeans grown In 1937 there were 6,982,000 acres of soybeans 
grown.3  However with this great increase in production, the small 
country of Manchuria in 1938 produced about five times as many 
1. W. 3. Morse -- Soy beans 	 Culture and Varieties 
Farmer a Bulletin No. 1520 - U.S. Dept. of Agri. 
2. ibid. 
3. Z. W. Grove -- Soybeans in the United States; Recent Trends 
and Present Economic Status -- Bulletin -- 1938 
2 
soybeans as this country. But the acreage in this country is 
still increasing with improved methods and machinery for hand-
limgrthe crop and with the greater utilization of soybeans and 
its by-products for industrial purposes. 
Since soybeans being so easy to grow and with favorable 
yield per acre, and since they have been used as a common food 
in the Oriental Countries of China, Japan, and Manchuria for 
centuries; the question naturally arises as to the value of 
soybeans as a heman food in this country. The literature is 
replete with investigations of soybeans as a feed for livestock, 
and more recently a number of investigations have been made on 
the nutritive values for man. Daniels and Nichols 1 , in 1917, by 
experimenting with rats, found that yellow soybeans yield a high 
percentage of physiologically good protein, a considerable amount 
of energy yielding materials in the form of fats and carbohydrates 
and a fairly liberal supply of fat soluble food accessory, as 
well as water soluble growth determinates. Ditte4 in 1935, 
analyzed soybeans for their moisture, protein, fat, fiber, and 
ash content. Tuck, Manison, and Maynard 3 made a study of the 
food values of thee proteins of soybean meal. In 1937, Hayward
4 
studied the effects of the various means of oil extraction on 
the nutritive value of soybean meal. Also in this year, Shrews-
bury and Vestal5 made a study of the nutritive values and the 
1. J. of Biol. Chem. 3a, 91-102 -- 1917 
2. J. Tenn. Acad. of Science 8, 323-25 -- 1935 
3. J. Agriculture Research 51, 401-2 -- 1935 
4. Oil and Soap 14, 317-21 -- 1937 
5. Ind. Rapt. Sta. Bulletin No. 420 -- 1937 
mineral clef/Glencoe of soybeans. So quite a list of investiga-
time carried out in this country can be cited on this problem. 
However the Chinese and Japanese have taken the lead in the 
study of this problem. In 192? Howathimade a study of the food 
values, preparation, and uses of soybean oil. Ernst in 1929, 
made a comparison of the nutritive values of soybean milk and 
cowts milk; and pointed out that soybean milk was richer in 
vitamin B, but was inferior in mineral content. Sking Wan 3also 
worked on this sdbject, comparing soybean milk and cowls milk 
in vitamin El and B2 content; and he found soybeans to contain 
three times as much vitamin Bil but only two-thirds as much 
vitamin B2 as dried milk. Ivanovo'! in 1935, studied the food 
value of soybeans determining the vitamin A, protein, and salt 
composition of tk bean. Soybeans have also been studied as 
food - for diabetic patients. In many instances investigators 
studied regular or field varieties of soybeans as suitable for 
human consumption, but in recent years there has been, as pointed 
out, an increased interest in the so-called edible varieties 
and their use as human food. A very comprehensive study is that 
of Woodruff and K1aas 5 , at the University of Illinois, in which 
they made an investigation of seventeen varieties of edible 
1. Fownth -- Chinese Govt. Bureau of Economics -- 1927 
2, Ernst -- Chinese Journal Physiol. -- 1929 
3. 31.. ing Wan -- Chinese Journal Physiol. -- 1929 
4,ZIvanovo 	Voprosui Pitaniya -- 1935 
5. S. Woodruff and H. 	-- University of Illinois 
Agricultural Experimental Station 
Bulletin 443 -- 1938 
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soybeans with reference to their use as human food. 
Since soybeans are adaptable to most types of soil in 
Georgia, and since they are very rich in protein; it seems that 
they would serve very well as what has been termed in the Orient 
spoor man's meats. It is not, however, the purpose of the investi-
gation to list soybeans as chiefly a protein food, but rather 
to classify it as more nearly a °complete° food substance. That 
is, a food not only rich in proteins, but also fats and minerals. 
So it seems rather advantageous that soybeans should come to play 
a valuable role in low-cost diets. Professors Woodruff and Klaas i 
 have stated the present importance of edible soybeans by saying 
that at the present the principal products of soybeans are salad 
oil, made from refined soybean oil; and hydrogenated margarines 
and shortenings. The amount of soybean flour used in food menu,- 
facture is also significant. And the long list of food novelties 
which derive more or less of their substance from soybeans indi-
cate the versatile use of the bean. But considering these many 
uses, soybeans today constitute only a small part of the nation's 
diet. 
In our investigation a study has been made of the mois-
ture, calcium, iron, phosphorus, protein, and fat content of 
six varieties of edible soybeans grown in Georgia 2 . And these 
values are compared with certain other foods. Since these beans 
were grown in this state, it was possible to calculate their 
1. Univ. of Ill. Agri. Eqpt. Sta. Bulletin 443 -- 19743 
2. The seed beans for this investigation were recommended and 
and supplied by the United States Department of Agriculture. 
However the beans were grown by Prof. O.A. Wells during the 
year of 1939 in North Georgia. 
yield on this type of soil and to predict the best probable 
variety to be grown in this section with regard to the food 
value of the bean and its yield per acre. 
5 
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- 2MFERIYITTAL  
GENERAL APPEARANCE OF THE DRY BEANS 
In this investigation the six varieties of beans studied 
were Higan, Imperial, Rokusum, Easycook, Nanda, and Seminole. 
Of these the first varieties to mature were Higan and Imperial, 
and these varieties were dry enough to harvest two weeks before 
any of the others. Rokusum and Easycook were the next varieties 
to mature, and Nand* and Seminole matured last. 
Table Yo. 1 Dates - of nlantirc. and harvestin ,7 of the beans. 
Variety 
 







June 1 1939 
June 1. 1939 
June 1_1939 
June 1. 1939 
June 1, 1939 
   
e fit. 10 1939 
Sept. 10, 1939 
Oct. 1 1939 
Oct. 1. 1939 
Oct. 20, 1939  
,:ct. 20 1939 
    
    




   
All of these beans were the yellow varieties, for it is 
these varieties which are generally preferred for edible pur-
poses. The beans range in size from very small to comparatively 
large. As is shown in the following table, Rokusum soybeans are 
the large type; much larger than any other variety studied. 
Imperial and Nanda are, what may be called, an average size bean. 
Higan and Easyeook are varieties of comparatively small beans, 
with Easycook being the smallest. The Seminole variety varied 
in size from very small to very large. 
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Table No. 2 cc!:-axative size  of beans. 
Number of beams per 








Easycook 	 166  
17anda   10:3 
Seminole 	 116  
YIELD 
This study of the yield is not based upon actual yield 
per acre, but is rather a calculated result based upon much 
smaller plot yields. Even though calculated from small plot pro-
duetions the results, nevertheless, indicate the approximate 
yield per acre of the different varieties grown. 
Table No. 3  Yield per acre 




Yield per Acre 
OW by 8 11 ) 
glgan 83 1554 14.3 Bu. 
Imperial 57 1183 15.6 Bu. 
Rokusum 58 1323 ,- 17.4 Bu. 
Easvcook  99 2504 19.3 Bu. 
Nanda  62 999 12.3 Bu. 
Seminole► 36 345 6.9 Bu. 
From the above table one observes that the earlier 
maturing varieties give also the heaviest yields. This is con,- 
to the behavior of certain plants such as oats and corn. 
It is generally true that the longest maturing variety gives 
the highest yield; though, of course, other factors enter into 
the question of quantity production. It would seem that the 
Easycook variety is the best adapted to the soil and climatic 
conditions in- North-East Georgia. Rokusum, however is a very 
close second. The Seminole variety in this test proved least 
desirable both as to yield and as to period of maturity. On the 
whole it would seem that edible soybeans are easily grown and 
well adapted to this section of our country. 
DETERMINATION OF MOISTURE CONTENT 
The beans were first ground in a burr mill. After this 
the meal was pulverized to a very fine powder with an agate 
mortar and pestle. It was then weighed and dried in an oven to 
constant weight. This drying required twenty hours. The first 
sixteen of which the meal was dried at a temperature of 100-
105 degrees Centigrade. After this the temperature was lowered 
to 90-95 degrees Centigrade because previous trials had shown 
that this was necessary to prevent overheating, or scorching. 
This meal was then weighed and heated for another period of 
two hours at the above temperature so as to assure constant 
weight Prior to this determination of moisture, the soybeans 
were first air-dried; except the Seminole variety which was not 
air-dried as much, and for that reason it showed greater loss 
of weight on oven drying. It was necessary to determine the 
effect of air-drying on the moisture content so as to be able 
to make latter calculations on a completely dry basis. 
9 
Table No. 4 	-Peroen ace chance in welfht with air-drying 





Wei !:t 	,; loss 
Mar. 24 
Wei -ht 	loss 
Mon 25.0656 24.3744 2.75 24.2159 3.39 24.3674 2.79 
Imperial 25.0139 24.7319 1.12 24.8677 .59 
Rokusum 25.1466 24.2352 3.62 24,0894 4.20 24.2358 3.61 
Easycool . 25.0448 24.3294 .86 24.9506 .37 
Nanda 25 1.0215 24,6827 1.35 24.8351 .74 
8 	in le 25 0348 22 3765 10.61 22 2365 11.21 22 3707 10 64 
The loss of moisture from November to February is as would be 
expected, but one has no explanation for the increase in moisture 
from winter to spring, 
Table No. 5 Moisture content 
atatz2efore 
Weight of sample 
heating 
Weight of sample 
after heath . z:, 
Weight of 	Percentage 
moisture isture 








Imperial 7.2811 6:8307 04504 6.18 
9.7130 9.1108 .6022 6.19 
Rokusum 11.4384 10.5115 .9269 8.10 
12.0051 11.0283 .9768 8.12 
Easyeook 11.1281 10.4650 .6631 5.95 
7.5171 7.06t± .4526 6.'7'2 
Nanda 7.5361 7.0758 .4623 6.13 
8.560E 8.0358 .5247 6.13 
Seminole 14.1989 11.9612 2.2377 15.78 
12.9;391  10.9732  2.0159 15.52 
10 
Since the moisture content varies with the length of time 
which the beians are left to air-dry it is apparent that the 
percentage of moisture,determined either by air-drying or in 
an oven, will depend upon the age of the bean at the time of 
starting the determination. From the maturing of the beans 
until they are shelled, as well as after hulling, the drying 
out process goes on. This explains why the Seminole variety 
shows a relatively high percentage of moisture - simply because 
it had not aged (dried) as much as the other varieties up to 
the time samples were taken for moisture determinations. 
DETERMINATION or IRON 
(Oolorimetric Method) 
The beans were ground in a mortar and pestle. The meal 
to be analyzed was weighed out into 250 ml. pyrex beakers. It 
was then moistened with cone. HNO 3 so as to help destroy organ-
ic matter, and dried at a temperature of 180 degrees Centigrade 
for two hours. The black mass was then ignited in a muffle 
furance at a temperature of 800 degrees Centigrade for a period 
of six hours. The ash was then complete*y white. If the ash was 
not white, it was moistened with cone. HNO3 and ignited again. 
After ignition the ash was dissolved in dilute H01, and then 
treated with H2804 and heated to remove the chlorides. The 
solution was then neutralized with NH401* and made slightly 
acidic with dilute N2804. The volume was then built up to 
250 ml, and just sufficient dilute K1n04 was added to insure 
* At this point a white gelatinous precipitate usually appears. 
This is probably due to the precipitation of the calcium 
and the phosphates in a basic solution. 
11 
complete oxidation of the iron. Potassium thiomyanate solution 
was then addedr'ind the solution was immediately compared with 
that of a known iron cpncentration by means of a7colorimeter. 
Solutions used: 
1. Standard iron solution: 
This standard iron solution had to be very dilute as 
the percentage of iron in soybeans is very low. 
For this purpose .05 grams of ferrous ammonium 
sulfate of known purity was dissolved in a liter 
of water. 
2. Potassium Thiocyanate solution: 
This solution was of the concentration of 20 grams 
of salt per liter of water. 
3. Dilute Hydrochloric Acid: 
The concentrated acid was diluted with an equal 
volume of water. 
4. Potassium Permanganate solution: 
This solution was about 0.01 Normal. 
12 
Table No. 6 The iron content of Higan Soybeans. 
Weight of Depth (n!-A.) Depth (mm.) Ratio Ors. Fe. 1,(0ry) gAirit 
samlale 	(Standard)  _ (8oIperms) 
1. 9.8227 15 39 1:2.80 .00070 .0072 .0065 
(on dry 
basis) 12 33 1:2.75 .00064 .0065 .0060 
10.6560 
(on air- 10 28 1:2,80 .00062 .0063 .0058 
dry basis) 
15 36 1:2.40 .00074 .0075 .0069 
12 30 1:2.50 .00071 .0072 .0065 
10 23 1:2.30 .00076 .0077 .0071 
2. 10.3103 15 35 1:2.33 .00076 .0073 .0068 
12 30 1:2.50 .00071 .0068 .0064 
11.1849 
10 22 1:2.20 .00081 .0077 .0072 
15 34 1:2.26 .00077 .0073 .0068 
12 31 1:2.41 .00074 .0071 .0066 
10 25 1:2.50 .00071 .0068 .0064 
3. 10.7148 15 34 1:2.26 .00079 .0073 .0068 
12 27 1:2.23 .00080 .0074 .0069 
11.6227 
10 24 1:2.40 .00074 .0069 .0064 
15 35 1:2.3Z .00076 .0070 .0066 
12 28 1:2.33 .00076 .0070 .0066 
10 25 1:2.50 .00071 .0066 .0061 
The average percentage= of iron on af_dry basis is 0.0071. 
The average percentage of iron on an air-dry basis is 0.0066. 
* Air-dry as of February 8 (Table No. 4) 
13 
Table No. 7 The iron content of Imperial Soybeans. 
Weight of , Depth (mm.) Depth (mm.) Ratio Gra. Fe. 'Wry) gAir-
saamleStarictarcl - i(Sq2LA::10 - 	 - 	 ' 	Di., -*) 
1. 19.0053 240 44 1:2.20 .00081 .0042 .0040 
(on dry 




10 21 1:2.10 .00083 .0043 .004M 
20 43 1:2.15 .00082 .0042 .0040 
15 31 1:2.06 .00085 .0044 .0042 
10 22 1:2.20 .00081 .0042 .0040 
2. 19.3399 20 42 1:2.10 .00083 .0042 .0040 
15 32 1:2.13 .00083 .0042 .0040 
20.4871 
10 22 1:2.20 .00081 .0041 .0040 
20 42 1:2.10 .00083 .0042 .0040 
15 31 1:2.06 .00085 .0044 .0042 
10 20 1:2,00 .00088 .0046 .0043 
3. 19.5034 20 41 1:2.05 .00085 .0044 .0042 
15 30 1:2.00 .00088 .0045 .0043 
20.8804 
10 20 1:2.00 .00088 .0045 .0043 
20 41 1:2.05 .00085 .0044 .0042 
15 30 1:2.00 .00088 .0045 .0043 
10 20 1:2.00 .00088 .0045 .0043 
The average percentage of iron on a dry basis is 0.0043. 
The average percentage of iron on an air-dry basis is 0.0041 
* Air-dry as of" February 8 (table 4) 
14 
Table No. 8 	;ihe iron content of Rokusum Soybeans. 




Ratio Gre. Fe. %(Dry) gAir- 
Dr .:*) 
1. 10.1786 15 33 1:2.22 .00080 .0078 .0072 
(On d 




10 22 1:2.20 .00081 .0079 .0072 
15 34 1:2.26 .00077 .0075 .0070 
12 26 1:2.17 .00082 .0080 .0073 
10 23 1:2.30 .00076 .0074 .0069 
2. 10.1070 15 35 1:2.33 .00076 .0075 .0070 
12 27 1:2.25 .00079 .0078 .0072 
10.9990 
10 21 1:2.10 .00083 .0082 .0076 
15 32 1:2.13 .00083 .0082 .0076 
12 24 1:2.00 .00088 .0087 .0079 
10 20 1:2.00 .00088 .0087 .0079 
3. 10.4150 15 34 1:2.26 .00079 .0076 .0070 
12 26 1:2.17 .00082 .0078 .0072 
11.3342 
10 21 1:2.10 .00083 .0079 .0072 
15 36 1:2.40 .00074 .0071 .0065 
12 27 1:2.22 .00080 .0076 .0070 
10 23 1:2.30 .00076 .0073 .0067 
The average percentage of iron on a dry basis is 0.0078. 
The average percentage of iron on an air-dry basis is 0.0072 
* Air-dry as of February 8 (Table No. 4) 
Table No. 9 	The content of Easycook Soybeans. 
Weight of 	Depth (mm.) Depth (me.) 
Sa4mie (Standard) 	(Soybeans} 
Ratio Grs. Fe. 1,(Dry) 
Dry* ) 
1. 17.3232 20 45 1:2.25 .00077 .0046 .0042 
(On dry 
ba8is) 15 34 1:2.26 .00079 .0046 .0042 
18.3664 
( On air- 
dry basis) 
10 27 1:2.70 .00067 .0039 .0036 
20 47 1:2.35 .00077 .0045 .0042 
15 35 1:2.36 .00077 .0045 .0042 
10 25 1:2.50 .00071 .0041 .0038 
2. 16.6016 20 48 1:2.40 .00074 .0044 .0042 
15 38 1:2.50 .00071 .0042 .0040 
17,6016 
10 28 1:2.80 .00062 .0037 .0035 
20 49 1:2.45 .00070 .0042 .0040 
15 37 1:2.48 .00070 .0042 .0040 
10C 28 1:2.80 .00062 .0037 .0035 
3. 17.3608 20 4? 1:2.35 .00076 .0045 .0042 
15 37 1:2.46 .00070 .0042 .0039 
18.4061 
10 28 1:2.80 .00062 .0037 .0033 
20 48 1:2.40 .00074 .0044 .0041 
15 34 1:2.26 .00077 .0046 .0042 
10 24 1:2.40 .00074 .0044 .0041 
The average percentage of iron on a dry basis is 0.0042. 
The average percentage of iron on an air-dry basis is 0.0040. 
* Air-dry as of February 8 (Table No. 4) 
Table No. 10 The iron content of Nanda Soybeans. 
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Ratio Grs. Fe. ,'o(Dry) 
dr 
1. 17.6008 20 48 1:2.40 .00074 .0042 .0039 
(On dry 




10 25 1:2.50 .00071 .0040 .0038 
20 47 1:2.35 .00077 .0044 .0041 
15 37 1:2.45 .00073 .0042 .0039 
10 25 1:2.50 .00071 .0040 .0038 
2. 17.2909 20 48 1:2.40 .00074 .0042 .0040 
15 39 1:2.60 .00069 .0039 .0037 
18.2702 
10 26 1:2.60 .00069 .0039 .0037 
20 49 1:2.45 .00073 .0042 .0040 
15 37 1:2.45 .00073 .0042 .0040 
10 26 1:2.60 .00069 .0039 .0037 
3. 17.4605 20 50 1:2.50 .00071 .0040 .0038 
15 39 1:2.60 .00069 .0039 .0037 
18.4492 
10 28 1:2.80 .00062 .0036 .0033 
20 50 1:2.50 . 00071 .0040 .0038 
15 38 1:2.50 .00071 .0040 .0038 
10 26 1:2.60 .00069 .0039 .0037 
The average perecntage of iron on a dry basis is 0.0040. 
The average percentage of iron on an air dry basis is 0.0038. 
) 
* Air-dry as of February 8 Table No. 4 
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Table No. 11 The iron content of Seminole Soybeans. 
Weight of Depth (mm.) Deloth( wing) Ratio Qrs. 7$. 1(327) 14AizQ 
6 ample 	(Standard)  ____(SoTteansi 	 Drv.) 








10 39 1:3.90 .00045 .0060 .0051 
15 49 1:3.33 .00051 .0069 .0059 
12 41 1:3.42 .00050 .0067 .0058 
10 38 1:3.80 .00046 .0061 .0052 
2. 7.5354 15 50 1:3.33 .00052 .0069 .0058 
12 40 1:3.33 .00052 .0069 .0058 
8.9324 
10 37 1:3.70 .00048 .0063 .0054 
15 50 1:3.33 .00052 .0069 .0058 
12 40 1:3.33 .00052 .0069 .0058 
10 35 1:3.50 .00050 .0088 .0056 
3. 7.6132 15 50 1:3.33 .00052 .0068 .0057 
12 42 1:3.50 .00050 .0065 .0055 
9.024 ►  
10 39 1:3.90 .00045 .0059 .0049 
15 48 1:3.30 .00052 .0068 .0057 
12 41 1:3.42 .00050 .0065 .0055 
10 38 1:3.80 .00046 .0060 .0050 
The average percentage of iron on a dry basis is 0.0065. 
The average percentage of iron an an air dry basis is 0.0055. 
Air-dry as ofTebruary 8 (Table No. 4) 
18 
DETERMINATION or PROSPEORUS 
Method: (Standard method for the determining of phos-
phorus as Mg2P 207*.) A sample of about 10 grams of the bean 
meal was weighed and placed into a 1 liter erlenmeyer flask. 
To this was added 25 ml. of conc. BR03 and 25 ml. of 0.5 N Un041 
80 ml. of conc. 112604 was then added and the mixture heated 
gently for one-half an hour. After this period the heat was in-
creased and KNO3 
was added in small quantities until the solu, 
tion was clear. (This period of digestion usually required 4-5 
hours.) The solution was then transferred to a 1 liter volu-
metric flask and diluted to a liter. The phosphorus was then 
determined in a 250 ml. aliquot portion of this sample. 
To this aliquot was added 10 ml. of conc. 1603. NH 4ON 
was then added to the solution until it was neutral, and then 
the solution was made just barely acidic with dilute 11503. It 
was then diluted to 500 ml, and warmed to 25-30 degrees. To 
this warm solution was added 75-100 ml. of the molybdate solu-
tion2 and the contents shaken for 30-45 minutes. The solution 
was then decanted and filtered, and the Y.P. 3was first washed 
* This procedure was adapted from Tales. 
1. The KMnO4 is added to oxidize the phosphides as -TO m is not 
sufficient for this purpose, and as a result some or the 
phosphorus would come off as phosphine. 
2. Molybdate solution: 3 0 grams of 85% molybdietacid was dis-
solved in 38 ml. of conc. NR4ON and 68 ml. of water. The solu,- 
tion was cooled and poured $Iowly,with stirring, into 122 ml. 
of conc. NRO3 and 287 ml. of water. It was then left to stand 
over-night before using. 
3. Y.P. -- Ammonium phospho-molybdate. 
19 
with 0.1 N KNO3 solution in order to wash it free of iron and 
molybdenum, and then washed with 0.1 N KNO3 solution so as to 
remove the 1443 left from the previous washings. 
The T.P. was then dissolved in 30 ml. of 2.5 N NE4011 
and the filter paper washed. (The filtrate did not exceed 100 ml) 
The solution was made slightly acidic to litmus with 3 N HOl and 
cooled to 25-30 degrees. Magnesia mixture was then added drop by 
drop with constant stirring until a moderate excess was present. 
(The excess was about 4 ml. over the amount calculated on the 
basis of 1 ml. of the magnesia mixture for each 4 mg. of phos-
phorus present.) After the addition of the magnesia mixture an 
amount of 15 N NH ON was added to the solution so that the final 
concentration of the NE40H was about 1.5 N. This was then allowed 
to stand at room temperature for four hours. 
Since the precipitate of magnesium am momium phosphate 
may be contaminated with molybdenum redissolving and reprecipi-
tation was carried out. This final solution was then filtered 
and the residue washed with 1.5 N NR4ON. The magnesium ammonium 
phosphate so obtained was ignited to constant weight and weighed 
as Mg2P207. 
12 	Phosphorus content. 
Weight of 	Weight of 	Wei ht of 
somas Sdry) 	27 2p:4p7  , Phosphorus 
Percent. Percent 
(dry) 	(air-dry) 
(1) 3.8309 	.0951 .02646 .693 .636 
(2) 	3.7776 .0962 .02677 .708 .653 
(3) 	3.2174 .0826 .02298 .714 .658 
(1) 4.1085 .1104 .03072 .747 .701 
(2) 4.0753 .1097 .03053 .749 .702 
(3) 	3.S.77 .1067 .02969 .742 .697 
(1) 3.9556 .0957 .02663 .673 .618 
(2) 3.9732 .0978 .02722 .657 .605 
(3) 4.1699 .0939 .02613 .652 .602 
(1) 	3.3428 .0822 .02287 .684 .642 
(2) 3.9424 .0961 .02674 .678 .637 
(3) 3.6028 .0917 .02552 .708 .663 
(1) 4.2127 .0903 .02513 .596 .559 
(2) 4.2615 .0967 .02691 .631 .592 
(3) 4.2039 .0875 .02435 .579 .543 
(1) 3.5658 .0825 .02295 .643 .614 
(2) 3. -3854 .0778 .02165 .708 .676 










DETERMINATION OF CALCIUM 
Procedure*: The meal was prepared and ashed in a muffle 
furnace just as in the determination of iron. The ash was dis-
solved also just as in the iron determination. The solution was 
then diluted to 150m1., treated with 10 ml. of HC1, and a flew 
drops of methyl orange added. It was then heated to 50 degrees 
and neutralized with RH4OH with 1 ml. in excess. 10% oxalic acid 
was then added until the solution was acidic , and then , 12 ml. 
was added in excess. The solution was then boiled for one or 
two minutes with vigorous stirring. While still hot, 150 ml. of 
saturated ammonium oxalate solution' was added and the solution 
was boiled for one or two minutes and digested on a steam bath 
for an hour. It was then cooled to room temperature, filtered, 
and washed with ammonium oxalate-oxalic acid solution
2 . At this 
point the precipitate was ignited to the oxide, slaked, and dis-
solved in 40 ml. of dilute HC1 3 .The solution was then diluted 
to aao ml. and treated with 0.005 grams of iron as ferric chlor-
ide. Any phosphorus and manganese were removed by making the 
solution slightly ammonical, adding 10 ml. of bromine and di-
gesting at a temperature a little below the boiling point for 
fifteen minutes. Finally 5 ml. more of bromine was added and 
the solution was digested for fifteen minutes longer and filter-
ed. The precipitate was washed with ammonium chloride-ammonium 
* This procedure was adapted from Hillebrand and Lundell. 
This method permits the direct separation of calcium from such 
elements as iron, aluminium, and phosphorus. 
'.Saturated ammonium oxalate solution-- 4 percent solution. 
2.Ammonium oxalate-oxalic acid solution-- 2 grams of each per liter 
3.Dilute HC1-- 1:4 solution 
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hydroxide solution' and discarded. The filtrate was acidified 
with H01 and boiled to expel the bromine. The solution was then 
made slightly basic, and while still hot, sufficient 4% ammonium 
oxalate solution was added to precipitate all of the calcium 
and to provide an excess of one gram per 100 ml. of solution. 
The precipitate was then digested on a steam bath for one-half 
an hour, and then allowed to cool. At the end of two hours it 
was filtered, and the precipitate was washed with 5 to 10 por-
tions of cold, neutral 0.1% ammonium oxalate solution. The pre-
cipitate was again dissolved in dilute 801 1 and made slightly 
basic, and precipitated with oxalic acid as calcium oxalate as 
previously. The solution was allowed to stand two hours before 
the final filtering. It was then filtered and washed as pre-
viously, and ignited. The calcium was determined as calcium 
oxide and calculated to calcium. 
1. Ammonium chloride-ammonium hydroxide solution-- 10 ml. Of 
111440H and 10 grams of 111401 per liter of solution. 
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Table No. 13 Oaloium content. 
Variety 	Weight of 	Net -ht of Weight of 




   
Higau 	(1) 5.6936 	4228 	41636 .228 	.255 
(2) 6.1861 	.0229 	.01636 .264 	.243 
(3) 6.4289 	.0232 	.01657 	.258 	.237 
	
Imperial (1) 11.4031 	.0486 	.0347 	.304 	.287 
(2) 11.6039 	.0472 	.0337 	.290 	.274 
(3) 11.7020 	.0514 	.0367 	.313 	.296 
Rokusum (1) 6.6461 	.0286 	.02044 .307* 	.285* 
(2) 6.2490 	.0202 	.01446 .231 	.212 
(3) 6.0642 	.0178 	.01272 .209 	.192 
Easycook (1) 10.3939 .0300 	.0214 	.206 	.194 
(2) 9.9611 	.0276 	.0197 	.198 	.186 
(3) 10.4163 	.0242 	.0173 	.168** 	.156** 
Nanda 	(1) 10.5605 .0341 	.0244 	.230 	.218 
(2) 10.3745 	.0363 	.0259 	.250 	.236 
(3) 10,4763 	.0346 	.0247 	.235 	.222 
Seminole (1) 4.4546 	.0134 	.00957 .187 	.181 
(2) 4.5214 	.0134 	.00836 .184 	.178 
(3) 4.5679 	.0143 	.01022 	.223 	.188 
* All of the iron and other impurities were not removed from 
this sample before it was precipitated as the calcium oxalate. 
**A portion of this sample was lost, so its data was merely 
included for completeness. 
DETERMINATION OF PROTEIN 
As has been pointed out by previous investigators, soy-
beans are very rich in protein. Also much work has been done 
on the nature of the individual proteins in soybeans. Mashino 
and Shishido1  made a study of the distribution of the nitrogen 
in Japanese soybeans and they obtained the following results 
using the Van Slyke method; amide nitrogen 9.58%, humin nitro-
gen &.14%, cystine nitrogen 1.7%, arginine nitrogen 15.55%, 
histidine nitrogen 7.03%, lysine nitrogen 6.O8%, monoamine nit-
rogen 49.76%, non-rii_o nitrogen 5.19%, and diamino nitrogen 
30.40%. Other investigations have been carried out on this same 
problem and similar results have been obtained. 
In our study the total nitrogen content was determined, 
and the protein content was calculated by multiplying the total 
nitrogen content by the conversion factor of 6.25. The met and 
used for the determination of total nitrogen was the standard 
Kjeldahl Method using, standard digestion equipment. Since this 
method is such a general one , it is not necessary to go into 
the actual procedure. 
1, J. Soc. Chem, Tad. Japan 30 , 552-60 -- 1927 
Table No. 14 Nitrogen and Protein Content. 
Variety Weight of 	 ml. of HCI N. of *N2 	Percent 
sample 	used 	EC1 	 Protein  
IIMALYz-Dr 
Dry, _ALTEFAMY 
3.5637 63.65 .2314 6.09 38.06 36.20 
2.3222 54.09 .1763 6.05 37.81 36.01 
5.2592 93:47 .2314 6.10 38.12 36.30 
2,8277 50.92 .2314 6.18 38.62 36.78 
4.9555 107.01 .1763 5.58 34.88 33.09 
3.0614 67.10 .1763 5.66 35.37 33.58 
Z3.0747 59.20 .2314 6.61 41.31 39.50 
2.2232 42.87 .2314 6.62 41.38 39.56 
2.3074 57.57 .1763 6.40 40.00 38.21 
3.1029 59.73 .2314 6.58 41.12 39.30 
3.9306 77.02 .2314 6.68 41.75 39.93 














DETERMINATION OF OIL 
Procedure: The beans were ground to a fine flour and a 
sample of about 30 grams was used. The oil was extracted from 
this meal in Soxblet extractors by the use of ether.' It was 
found that all of the oil was extracted from the bean meal in 
twelve hours of refluxing. This was shown by testing for com-
plete extraction by removing the oil-ether extract and extract-
ing for another period of two hours with a new addition of 
ether. No more oil was extracted if the original period of ex-
tracting had been twelve hours or longer. The ether was removed 
from the oil by distillation. Any remaining traces of ether 
were removed from the flask by attaching it to a vacuum pump to 
remove all vapours from the flask. 
It was found that in distilling off the ether it is best 
to keep the temperature as low as possible, and to let the flak 
and contents cool thoroughly before weighing. It can be generally 
assumed that all traces of ether are removed when no odor of 
ether is obtained on agitating the contents of the flask. 
Ether purified for a extraction was used in this case. 
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Table No. 15 t1 content. 
Variety 	We -ht of sr-- e 	Weight 	EtESIRIAgft 
Drz 	Air-Dry of oil Dry 	Air-DrY 
Him 	27.9770 	28.9677 	5.6153 	
20.07 	19.38 
	
27.9707 	28.9611 	5.6346 	20.14 	19.44 
28.0430 	29.0360 	5.6462 	20.13 	
19.43 
Imperial 28.4629 	29.9799 	5.4784 	19.24 	
18.27 
29.4475 	31.0169 	5.6397 	19.15 	18.17 
30.2776 	31.8913 	5.7367 	18.94 	17.97 
Rokusum 	30.0428 	31.2521 	5.0726 	17.55 	
16.23 
30.2845 	31.5037 	5.3115 	17.49 	16.18 
29.8533 	31.0551 	5.4975 	18.15* 16.89* 
lam$cook 28.8242 	30.4020 	5.1977 	18.03 	17.09 
29.1636 	30.7600 	5.3300 	18.27 	17.34 
29.4684 	31.0815 	5.3962 	18.31 	17.38 
Wanda 	27.4314 	28.7574 	5.1864 	18.90 	
18.03 
30.0279 	31.5253 	5.6159 	18.70 	17.83 
29.1284 	30.5810 	5.5247 	18.96 	18.10 
Seminole 27.2703 	28.5314 	4.7510 	17.42 	
16.65 
31.2746 	32.7209 	5.3872 	17.41 	16.64 
28.8699 	30.2051 	4.9884 	17.28 	16.51 
All of the ether had 	been removed from this sample. 
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Each variety of soybean oil studied had its own distinc-
tive colour. In this study the oils varied in colour from a 
dark green to a brown. Imperial variety of soybeans produced a 
dark green oi4. Higan variety produced a lighter green oil. 
Seminole variety produced a brownish-green oil. Rokusum and Nanda 
produced decidely brown oils. And lasycook variety produced a 
light brown oil. So it seems apparent that at least the colour 
of the oil is a function of the individual variety, and after 
standing for a period of three months no apparent change in 
colour had taken place. 
"While analyses of mature soybeans for protein and oil 
abound in the literature, there has been relatively little re- 
ported on the different ash constituents.
1 
0 Much work has been 
done on the food values of the proteins and oils of soybeans, 
however analyses for the mineral content present has been sore-
ly neglected. Woodruff and Klaas 2 have studied the iron and 
calcium content of the beans, however they did not make a study 
of the phosphorus content. Indeed analysis for the phosphorus 
content on all varieties here studied has not been found in the 
literature. Hence in our investigation we have a particular in-
terest in the mineral content of the beans. 
As has been stated previously, one of the most thorough 
investigations of the composition of soybeans in relation to 
their food value was made by Woodruff and Xlaas. So it is well 
to make a comparison of results where the same varieties -.erg 
1. Woodruff and 
2. ibid. 
aas 	Univ. of 111. Agr. Expt. Sta. 
Bulletin 443 -- 1938 
 
Table No. 16 Percentage composition of Mature Soybeans. 
= The protein, fat, calcium, iron, and phosphorus are on a dry 
basis. 
Protein Oil Calcium Iron Phosphorus Variety  Moisture 
Eigan 7.82 37.93 20.11 .265 
.0071 .705 
Imperial 6.18 38.37 19.11 .302 
.0043 .746 
Rokusum 8.11 35.12 17.52 .202 
.0078 .661 
Easycook 5.98 41.34 18.20 .202 
.0042 .690 
Banda 6.13 40.56 18.85 .233 
.0040 .602 
Seminole 15.64 41.65 17.37 .186 
.0065 .635 
On an air-dr t basis as of J'ebruar 8 
Rigan 4.43 36.11 19.42 
.245 .0066 .648 
Imperial 5.06 36.54 18.17 .285 
.0041 .700 
Rokusum 3,91 33.24 16.20 .190 
.0072 .608 
Easycook 5.11 39.53 17.27 .190 
.0040 .647 
Wanda 4.78 38.75 17.98 .225 
.0038 .564 
Seminole 5.43 39.84 16.60 .182 
.0055 .634 
used. From the following table no. 17 it will be noted that 
the iron content as obtained by Woodruff and Klass is much 
higher than that obtained by us. However Woodruff and Klaas 
make note of the fact that their results obtained for iron was 
found to be much higher than that obtained by Wu and MtHartue l . 
So there is little agreement as to the percentage of iron in 
soybeans. However this is a variable factor. For the percentage 
1. Woodruff and Elaas -- Univ. of Ill. Age. Expt. Sta. 
Bulletin 443 -- 1938 
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of the minerals found in any food storing substance maybe de- 
r
' pendent to sdMe extent upon the mineral content of the soil on 
which the food was grown. 
Table No. 17 Comparison of results. 
Variety 	Protein 	 Calcium 
Tro 
Imperial (W & K) 40.87 16.95 .201 .0104 	 
(Auther11038.37 19.11 .302 .0043 .746 
Easycook (W & K) 40.95 16.28 ----- 
—........ 
(Author's) 41.34 18.20 .202 .0042 .690 
Higan 	(W & K) 41.71 13.72 191 .0102 
----- 
(Author's) 37.93 20.11 .265 .0071 .705 
It has been pointed out by Lloyd and Burlison l that he 
variety of soybeans containing the larger amount of protein 
usually contained the smaller amount of fat. This conclusion 
was drawn from analyses of eighteen varieties of soybeans. How- 
ever in our investigation no such correlation was found to exist. 
The oil content and theprotein content of the bean seems to be 
entirely independent of each other. And it would seem possible 
that this tendency as pointed out by Lloyd and Burlison just 
happened to exist by chance. 
1,Lloyd and Burlison 	7niv. of In. Arr. pt. Station 
Bulletin 453 -- 1939 
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VALUE AS A FOOD 
Foods may be divided into five classes; proteins, fats, 
carbohydrates, minerals, and vitamins. If a single food stuff 
contained a sufficient quantity of each of these for body main-
tenance and growth it could be correctly classified as the 
"ideal food". In this investigation it was not feasible for us 
to determine the carbohydrate and vitamin content of the various 
soybeans studied. However it has been pointed out by various 
1 
other investigators that soybeans do contain some vitamins, 
and a relatively small amount of carbohydrate0 And it has been 
a long established fact that soybeans are one of the richest 
foods in protein and fats. So there is little point to discuss-
ing the food value of soybeans from the stand point of proteins 
and fats other than merely to state that soybeans contain an 
ample supply of these foods for body maintenance and growth 
provided the fats are of the highest suitability. 
It is interesting to compare the food values of soybeans 
with those of numerous other foods. In the comparison the aver-
age percent is taken in preference to that of a single variety 
of soybeans, and the percentage composition of the other foods 
is taken from the work of Sherman
3and Bailey. 
1.Suguki, Nakahara, and Sabaski--Ewidence of Vitamin E in 
Soybean Oil. Sei. Papers Inst. Phys. Chem. Research Tokyo-1934 
Ivanovo -- Vitamin A -- Voprosui Pitaniya -- 1935 
Mitchell and Beadle -- Soybeans are poorer than yellow corn 
in Vitamin A. 
Ill. Upt. Sta. Annul. Rept. 19256 
2. Woodruff and Klaas--Univ. of Ill. Agri. Expt. Station Bulletin 443 -- 1938 
3. Sherman -- The Chemistry of Foods and Nutrition -- 1938 
4.




18 	Oompar icon of the food values of soybeans with 
1", 
those of numerous other foods. 
Percent 	Percent 	Percent 	Percent 	Percent 
	Protein Fat Calcium Iron 
Phosphorus 
Soybeans 39.16 18.52 .231 .0056 
673 
Milk 8.46 10.65 .118 .003 
.093 
Eggs 14.80 10.50 
.063 .0031 .224 
Wheat 12.20 1.74 .053 .005 
.374 
(Whole) 
Lean Beef 66.92 12.22 .013 .002 
.204 
Potatoes 2.40 .10 .013 .0012 
.053 
Corn 9.88 4.17 
--_- ------ --- 
Rice 6.80 2.00 .065 .0009 
.336 
(Brown) 
Peanuts 25.80 38.60 4.056 .00198 
.091 
Turnips 3.20 .20 .056 .0005 
.047 
Carrots 2.60 .30 .045 .0006 
.041 
Beets 3.50 .10 .028 .0008 
.042 
Apples .60 .50 .007 .00036 
.012 




24.60 1.00 ---- .0057 .463 
From the prOleding table it is evident that soybeans 
are not only a good source of protein and fat, but also of the 
mineral foods,(iron, calcium, and phosphorus) which are a necess-
ary constituent of nutrition, as well. Also from the table it 
would seem that a flour prepared from soybeans would be much rich-
er in protein, fat, calcium, iron, and phosphorus than that 
prepared from any of the other common sources such as corn and 
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wheat. However , as pointed out previously, soybean flour would 
contain a relatively small amount of carbohydrates, and for 
this reason an adequate supply of this food substance would 
have to come from some other source. Due to the fact that soy-
bean flour contains such a small amount of carbohydrates it is 
used to some extent as a food for dibetic patients. 
With edible soybeans being adaptable to this type of 
soil, and with their relatively high nutritional value, they 
should come to play a much more important role in the common 
diet. But it is not expected that soybean flour and other pro-
ducts will come into use, as may be said, "over night", for it 
is only natural that as a food one has to develop a taste for 
it. After a taste is once devetoped, however, for this bean; 
it should serve as one of our most common fbods in a lowi-cost 
diet. However, as has been previously stated, the type of been 
grown for food is going to depend upon the palatability of the 
bean by the individual. Thus no one edible variety can be re-
commended at the exclusion of any of the others. However, on 
the whole, due to soybeans having such a high protein, fat, 
and mineral food value, they should come to rival such common 
food stuff as wheat and corn in their economic food importance. 
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CONCLUSIONS 
1. We have learned that edible 
to North Georgia conditions 
of this sort. 
2.
We have confirmed the adequacy of the Eillebrand and Lundell 
method for the determination of calcium in the presence of 
phosphorus and iron. 
3. We are able to report here apparently for the first time the 
mineral content of three varieties of edible soybeans; Roku, 
sum, Nanda, and Seminole. 
4. Our results are in agreement with those of Woodruff and 'leas 
of the University of Illinois as regards the relative amounts 
of proteins and fats. The only great exception being that of 
the fat content of the Rigan variety of soybeans, and with 
this variety Woodruff and Klass obtained 13% fat whereas s we 
obtained 20% fat. As regards to the calcium contenti our 
results are higher than those of Woodruff and Klaas, but with 
iron their results are nearly twice as great as OUTS. 
5. The negative fat-protein ratiovaapointed out by Lloyd and 
Burlison, was not found to exist in these beans. 
6.
Since the literature shows that scarcely any determinations 
have been made previously on the phosphorus content of soy-
beans we have thus added to our knowledge of the phosphorus 
content of these beans. 
7.
As would be expected, oil of different varieties of soybeans 
differ in characteristics such as color. 
soybeans are rather well adapted 
and give a fair yield for beans 
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8. In so fax as mineral content goes, soybeans compare favorably 
with most of the stable food substances. And in proteins they 
usually excel most common foods such as cerals and peanuts. 
9. Recently noteworthy investigations have been carried out on 
peanuts in Georgia. Itiis hnown that peanuts contain about 
38.6% fat whilel soybeans contain only about 18.5% fat, and 
peanuts give a higher yield per acre in bushels; but soybeans 
contain about 39.2% protein whereas I peanuts contain only 
About 25.8% protein. And proteins are the most expensive 
constituent of the common diet . 
10. It is inferred that a more widespread use of soybeans in 
Southern diets is advantageous both from the standpoint 
of nutrition and economy. 
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